This study was conducted to examine protein synthesis and L-(5Sj methionine incorporation into the endosperm of Zea mays L. kernels developing in vitro. Two-day-old kernels of the inbred line W64A were placed in culture on a defined medium containing 10 microCuries L-[5S] methionine per milliliter (13 milliCuries per millimole) and harvested at 10, 15, 20, 25, 30, 35, and 40 Recently, Shimamoto and Nelson (12), by supplying radioactive leucine, phenylalanine, and proline in the kernel culture medium, showed that most of the radioactivity was retained in the cob tissues while about 4 to 9% was translocated into the endosperm. Their analyses also indicated that 20 to 30% of the radioactivity in water or TCA extracts of the dried endosperm was recovered as the original amino acid. They did not determine the distribution of the radioactive amino acids into endosperm protein fractions.
Protein accumulation is an important process in seed development because the resultant reserves ultimately may be used either by germinating seedlings or by humans and animals as a source of nutrients.
In corn the amount of protein per kernel begins to increase rapidly approximately 10 to 15 d after pollination (15 olism increase in activity prior to or coincident with the grain filling period (13, 15, 16 ). These and other previous studies of protein deposition in developing kernels have utilized field or greenhouse-grown corn plants.
Methods to maintain fertilized corn kernels in vitro on artifical media were established in our laboratory as a model system to examine biochemical and physiological aspects of kernel growth and development (1) . Previously, we have shown in vitro kernel development is dependent upon temperature and genotype (2, 4) .
Recently, Shimamoto and Nelson (12) , by supplying radioactive leucine, phenylalanine, and proline in the kernel culture medium, showed that most of the radioactivity was retained in the cob tissues while about 4 to 9% was translocated into the endosperm. Their analyses also indicated that 20 to 30% of the radioactivity in water or TCA extracts of the dried endosperm was recovered as the original amino acid. They did not determine the distribution of the radioactive amino acids into endosperm protein fractions.
To most validly and effectively utilize in vitro kernel development as a model system for biochemical studies, endosperm protein synthesis and accumulation by kernels maintained in vitro needs to be compared with that of field-grown kernels. Incorporation of radioactive methionine into endosperm proteins of cultured kernels also was measured to facilitate these comparisons. We report here that endosperm development and protein synthesis in cultured corn kernels can be equivalent to that of field-grown kernels.
MATERIALS AND METHODS
Plant Material. Plants ofthe maize (Zea mays L.) inbred line, W64A, were grown in the field at St. Paul in 1980. Ear shoots were bagged before silking and the date of silk emergence was recorded. Self-or sib-pollinations were made 4 d after silking and ears were removed for culture 2 d after pollination.
Culture Procedure. Ears were dissected aseptically as described previously (1) except that the silks were removed. The basal twothirds of the ear was sectioned into blocks of six kernels (two rows of three) and then five kernels were cut away from the subtending cob. Five or six cob pieces were seated into culture media in 25 x 100 mm Petri dishes such that the media contacted only the cob tissue. Kernels were incubated in the dark at 29± 1°C.
The medium contained the following in ,umol/l: KH2PO4, ilized and added to autoclaved media to give 10 MCi/ml and a specific activity of 13 variation by culturing one kernel on a cob segment that normally would have six kernels. The data in Figure 1 indicate that final endosperm average dry weight in culture is about 70% ofthat in the field. The heaviest cultured kernels were selected for further chemical analyses and comparisons with field-grown kernels.
Protein Quantity. Endosperms from L-[35S]methionine labeled kernels were selected for protein extraction and analysis for each sampling date. Total endosperm protein concentrations (mg protein/mg meal) and distribution into solubility classes were similar for cultured and field kernels (Table I) . Total protein concentration peaked around day 25 and declined slightly during maturation for kernels in both treatments. The concentration of albumin plus globulin declined throughout development although field kernels were initially at a higher level. Cultured kernels accumulated zein more rapidly during early development than field kernels, but at 40 d field kernels had higher zein concentrations. Little difference in glutelin concentration was found throughout development. The distributions ofprotein into the various fractions (calculated as per cent of total protein, data not shown) were similar for cultured and field kernels for most of the sampling dates. During the later part of development, zein and glutelin accounted for 52 to 55% and 33 to 39% of the protein, respectively, in both treatments.
L-I3SIMethionine Uptake. Extraction with Laemmli sample buffer (SDS extract) solubilized over 85% of the radioactivity in endosperm meal. Sequential extraction of the three protein fractions was on the average slightly more efficient than SDS extraction leaving less than 8% of the radioactivity in the residue. The initial acetone wash accounted for about 1% of the radioactivity in the meal. An added third extraction with each solvent in the extraction procedure yielded only 3%, 2%, and 4% more dpm for the albumin plus globulin, zein, and glutelin fractions, respectively. Approximately 60% ofthe radioactivity at day 10 was found in the TCA-soluble portion of the 0.5 M NaCl extract (Table II) . By day 20, the relative and total amounts of radioactivity were increased in both the zein and glutelin fractions. Calculations of specific activity (dpm/gg protein) from data in Tables I and II Figure 2 , A and B. The two major mol wt species of zein (located between the 21 and 30 kD markers) were present by 15 d in cultured kernels and by 20 d they were the predominant polypeptides in kernels from both treatments. Some of the high mol wt polypeptides were not evident in the 10-d kernels but were in 15-d kernels. Other than earlier initiation ofzein synthesis in cultured kernels, the profiles of SDS-extracted polypeptides were similar for cultured and field kernels at the same age.
The fluorograph (Fig. 2C ) of the gel shown in Figure 2B (Fig. 2C ) with the corresponding bands on the gel stained for protein (Fig. 2B ). Electrophoretic profiles of albumin plus globulin, zein, and glutelin protein fractions from 30 d field and cultured kernels are shown in Figure 3 . The albumin plus globulin fraction comprised about 10% of the total protein and two prominent bands corresponding to mol wt of 27 and 11 kD were observed (Fig. 3, D and E) . The 27 kD band increased in intensity between 15 and 20 d and then decreased slightly through 40 d (gels not shown). The 11 kD band was present in significant amounts at 10 and 15 d, but otherwise showed a developmental pattern similar to the 27 kD band. Label incorporation (Fig. 3F) closely paralleled the apparent protein concentration; there were no polypeptides with an unusually high or low methionine content in the albumin plus globulin fraction.
Zein profiles on SDS gels (Fig. 3 , G and H) appeared identical for field and cultured kernels. Previous amino acid analyses (7) have shown that the 24 kD zein class had a higher methionine concentration than the 21 kD zein class. The labeling intensity (Fig. 31) is consistent with this observation. The three smallest zein polypeptides also have a much higher methionine concentration than the two larger classes as evidenced by the label incorporation.
The zein IEF patterns (Fig. 3, M and N) were similar, although several minor bands were more distinct in the culture sample (Fig. 3N) than in the field sample (Fig. 3M) . This observation was not consistent across other age kernels (gels not shown). Most zein species separated by IEF had about the same methionine incorporation, but one species nearest the acidic end had a very high concentration and several species nearer the alkaline end appeared to have relatively low methionine concentration (Fig. 30) . The fluorographic patterns were consistent for cultured kernels throughout development (gels not shown).
Alkaline extraction of the glutelin fraction was used in this study so that protein concentration could be readily measured. SDS electrophoresis after 2 to 4 months storage of this fraction resulted in a pattern with few distinct polypeptides. The field and culture patterns, however, were similar (Fig. 3, J (Fig. 4, A and D) . Similar patterns were obtained from glutelins extracted by the standard method (Fig.  4, B and E) . The gel in Figure 4 was run 1 d after the extracts were made and provided a much more distinct pattern than for glutelins electrophoresed after several months of -80°C storage in 0.05 N NaOH (Fig. 3, J and K) . Little SDS-soluble protein (Fig. 4, C and F (Table I) and the composition within classes (Figs. 2, 3 initial specific activity of 13 mCi/mmol and no conversion, then the amount of radioactivity in the zein fraction was equal to 80 to 1 5 nmol methionine/mg zein. These values are in the range reported for the methionine content of zein extracted from protein bodies (120 nmol/mg zein) (7), for total zein (46 nmol/ mg zein) (3) , and for the zein 1 fraction (24 and 95 nmol/mg) solubilized by alcohol (14) . The methionine concentrations reported (14) for the zein 2 fraction (i.e. zeins extractable by alcohol plus 2-mercaptoethanol) were much higher (307 and 440 nmol methionine/mg zein 2). Zein 2 is about 33% of the total zein (14) and is enriched for lower mol wt polypeptides.
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